| INTRODUC TI ON
The prevalence of diabetes rapidly increased globally (World Health Organization 2016 ), from 4% in 1980 to 9% in 2014 (NCD Risk Factor Collaboration 2016 . Prevalence ranges from 5% in northern and south-western Europe to over 20% in Polynesia (including over 30% in American Samoa) (NCD Risk Factor Collaboration 2016) . In New Zealand (NZ), over 5% of the total population has been diagnosed with predominantly type 2 diabetes (Ministry of Health 2018) , including 13% of Pacific adults (Ministry of Health 2014) . This has led to greater expectations of an expanded role for the primary health care (PHC) nursing workforce in the community management of diabetes.
Several studies have shown that lifestyle interventions, which aim to lower body mass index levels by decreasing saturated fat intake and increasing physical activity, can slow the progression of people with pre diabetes to type 2 diabetes (Eriksson & Lindgarde, 1991; Knowler et al., 2002; Pan et al., 1997; Tuomilehto et al., 2001) . Almost all people with pre diabetes or type 2 diabetes in NZ are now primarily screened and managed in primary care through increasing consultations with PHC nurses (Ministry of Health 2016) . This has led to greater expectations for PHC nurses to be knowledgeable about pre diabetes and type 2 diabetes, and to have the capacity to educate and support patients to adopt evidenced-based interventions that reduce their risk profile.
A previous survey that examined the diabetes knowledge of PHC nurses in the Auckland region was carried out in 2006-2008. Major findings revealed gaps in nurse's knowledge of screening for diabetes and management of cardiovascular risk factors (smoking, blood pressure and lipids) (Daly, Kenealy, Arroll, Sheridan, & Scragg, 2014b) . It is unclear whether this knowledge held by PHC nurses has improved or remained unchanged since 2006-2008. The largest group of PHC nurses in NZ are practice nurses (PNs) who primarily work in general practice, although 9% work in Accident and Medical Clinics (or walk in centres) (Daly, Arroll, Honey, & Scragg, 2018) .
District nurses (DNs) or mobile nurses are employed by secondary care services and provide home-based patient care. The three groups of specialist nurses (SNs) in NZ include diabetes specialist nurses (DSN) who mostly work in secondary care, chronic care management (CCM) nurses who predominantly work in general practice and nurse practitioners (NPs). The number of DSN has declined by a third since the [2006] [2007] [2008] survey (Daly et al., 2018) , and although the numbers of NPs have risen in NZ over the past decade (Nursing Council of New Zealand 2015), very few work in primary care in Auckland (Daly et al., 2018) .
| Background
There are very few reports of diabetes knowledge held by nurses providing community-based diabetes care. A recent review identified three cross-sectional studies published in the last 10 years that documented actual knowledge and perceived knowledge held by nurses providing community-based diabetes care (Alotaibi, Al-Ganmi, Gholizadeh, & Perry, 2016) . One of the three studies reviewed was the previous cross-sectional survey carried out in Auckland with 287 PHC nurses , and two were carried out in Australia that included 29 (Hollis, Glaister, & Lapsley, 2014) and 21 PNs (Livingston & Dunning, 2010) , respectively. The aims of this study were to examine trends in diabetes knowledge held by PHC nurses, their use of national diabetes guidelines, their perceived ability to advise diabetes patients and their preferences for further diabetes education since the previous survey in 2006-2008. 
| ME THOD
A repeat cross-sectional survey was carried out in 2016 using the same methodology as the previous survey conducted in [2006] [2007] [2008] and adheres to the STROBE guidelines for observational studies.
| Study sample and setting
The study sample has been previously described (Daly et al., 2018) . Briefly, lists of all primary care-based nurses were attained from all seven primary health organisations, the umbrella organisation of all general practices, in the greater Auckland region. Lists What does this paper contribute to the wider global clinical community?
• Quantifies and describes trends in diabetes knowledge held by the primary care nursing workforce in a large urban area.
• Describes the use of appropriate diabetes management guidelines and self-reported knowledge of best management practices.
• Highlights gaps in knowledge of major modifiable cardiovascular risk factors and medication management.
48 DSN (including two NPs) and five CCM nurses. All nurses were stratified by group, and 33% of PNs, 31% of DNs, 60% of CCM nurses and 63% of DSN were randomly selected and invited to participate in the study, by a letter sent to them at their workplace.
Because only two NPs in primary care were identified, they were combined with the DSN prior to random selection. The specialist nurse groups were over sampled to ensure sufficient representation of their respective nurse groups.
| Data collection
Information was collected using a self-administered questionnaire and a telephone interview. The self-administered questionnaire used to collect demographic characteristics from the nurses was originally developed from a small questionnaire, used in the 1990s, to survey PNs in South Auckland (Kenealy et al., 2004 questions were added to the telephone questionnaire to ascertain further details such as "which guideline for the management of type 2 diabetes" was used and how often was it referred to.
| Previous survey
In the previous 2006-2008 survey, 1,091 PHC nurses were identified in the greater Auckland region. Included were 813 PNs, 180
DNs, 73 DSN and 25 CCM nurses (there were no NPs working in PHC in Auckland at that time (Daly, Arroll, Sheridan, Kenealy, & Scragg, 2013) ). Of these, 26% were randomly sampled, and 86% participated. The selection of the nurse groups for the two surveys is outlined in Figure 1. 
| Statistical analyses
Self-reported roles were used in all statistical analyses for both surveys, and as with the previous survey, nurses in 2016 were categorised into three groups: with 274 PNs, 30 DNs and 32 SNs (including one NP, 24 DSN and seven CCM nurses). Three PNs and one each of DNs and DSN self-identified as CCM nurses and one PN identified as a DSN (Daly et al., 2018) . The three nurse specialist F I G U R E 1 Sampling frame for the total number of nurses surveyed in 2006-2008 and 2016 . CCM, chronic care management nurses; DN, district nurse; DSN, diabetes specialist nurses; PHC, primary health care; PN, practice nurses; SNs, specialist nurses.
† 36 of the 115 district nurses who were able to participate in the survey. ‡ Combined DSN (n = 19) and CCM (n = 9); § Combined CCM (n = 7) and DSN (n = 25) 
| Ethical considerations
Ethical approval for the study was given by the University of Auckland Human Ethics Committee (014713).
TA B L E 1 Diabetes knowledge held by primary health care nurses by proportion for each group (surveyed N = 336), weighted by sampling probabilities (weighted N = 1,349) (Daly et al., 2018) , but because nurses were independently sampled for each survey, they are representative of all PHC nurses at each time period. Most nurses surveyed were female (97%) and 32% and 30% were aged ≤40 and >55 years, respectively.
Most nurses were NZ Europeans (59%), 23% Asian, 5% Pacific Islanders, 5% Maori and the remaining 8% were from several other countries.
| Self-rated knowledge of best practice and use of diabetes guidelines in 2016
In 2016, significantly, more SNs (91%) compared with PNs (43%) and DNs (33%) rated their knowledge of best diabetes practice as "excellent or very good." For all nurses, 44% used national and 48% used locally adapted guidelines for the "management of type 2 diabetes" ( felt they had the required knowledge to advise diabetes patients about medications compared with SNs.
| Knowledge of type 2 diabetes risk factors and pathology and complications in 2016
During the telephone interview, most nurses were able to state that overweight was an important risk factor for type 2 diabetes ( (n = 27), weight or waist measurements (n = 19), improving patient education or knowledge (n = 9), cardiovascular risk assessments, screening or referrals (n = 6) and foot or wound care (n = 4). experience). Nurses who graduated longer ago were more likely to identify heart disease than recent graduates (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) 
| Further diabetes education in 2016
Most nurses wanted further diabetes education (Table 5) .
Responses from the self-administered questionnaire showed that significantly more PNs and DNs than SNs wished to learn more about abnormal laboratory results, particularly those related to renal dysfunction, to enable them to advise patients independently of a doctor (Table 5) . Responses from the telephone interview showed nurses more often wanted further education on "general research updates" rather than education related to specific diabetes management topics. Eleven nurses surveyed also wanted to know more about other laboratory tests related to liver (n = 7) and thyroid (n = 2) function, the albumin-creatinine ratio (n = 2) and one nurse each stated antibody tests, oncology and immune marker tests. Three nurses also wanted education on managing patients from different cultures. to state, during the telephone interview and without prompting, that overweight was a major risk factor for type 2 diabetes and retinopathy was a diabetes-related complication. However, far less nurses were able to state that myocardial infarction and stroke were also complications or convey knowledge of major modifiable risk factors best diabetes management practice as at least "good" or were able to state that hypertension, reduced high-density lipoprotein cholesterol levels and elevated total cholesterol or low-density lipoprotein cholesterol levels were major risk factors for type 2 diabetes. In addition, very few nurses in both surveys identified smoking as a major risk factor for complications, although generally younger and less experienced nurses were more likely to do so than more experienced nurses. This most likely reflects the government's introduction of the "Smoke-free Environments Act" in 1990 (Parliamentary Counsel Office 1990) and cultural change in NZ towards smoking.
| Comparison of diabetes knowledge between the two surveys

| D ISCUSS I ON
The prevalence of smoking among adults has decreased from 33% in 1983 (Smokefree Aoterroa New Zealand 2018) to 16% in 2017 (Ministry of Health 2017) , and among nurses from 39% and 31% in males and females, respectively, in 1981 (Hay, 1984) to 9% and 8%
for each of the sexes in 2013 (Edwards et al., 2018) .
Only about a third of PNs and DNs in 2016 felt they had sufficient knowledge to give advice on diabetes-related medications, although this was significantly more than PNs and DNs in 2006 -2008 (Alotaibi et al., 2016) . Key findings from this study highlight the strong association between diabetes education and diabetes knowledge. Education programmes have been shown to increase knowledge of diabetes and improve the quality of care provided by nurses (Gerard, Griffin, & Fitzpatrick, 2010 A limitation of the study was that the findings may not be representative of all DNs in Auckland as only two thirds were able to be sampled. In addition, the participating nurses self-reported on having sufficient knowledge to give advice to patients which increases 2010, 2015) .
Gaps in knowledge of major risk factors for type 2 diabetes, related complications and medication management were similar to those reported in a recent review of several hospital and primary care nurses surveyed across several countries (Alotaibi et al., 2016) .
Collectively, these findings showed that the majority of nurses lacked sufficient knowledge of the underlying pathology of type 2 diabetes, related complications, hypoglycaemic agents and insulin therapy related to best management practices (Alotaibi et al., 2016) . 
| CON CLUS ION
Primary health care nurses are ideally suited to play an active role in screening for, and the management of diabetes. Findings from this survey show that diabetes knowledge held by PHC nurses has increased in most areas over the last decade. As expected, diabetes knowledge is higher for SNs in all areas, although <50% could state all of the major risk factors for type 2 diabetes and related complications. Despite improvements, gaps remain in knowledge of major risk factors for type 2 diabetes, related complications and medication management, similar to those reported in several international nursing workforces surveys (Alotaibi et al., 2016) .
| RELE VAN CE TO PR AC TICE
All nurses are expected to be able to advise patients about their prescribed medications. Although significantly more nurses had undertaken post graduate education in 2016 compared with 2006 -2008 (Daly et al., 2018 , knowledge gaps remain, particularly in recognising type 2 diabetes as a cardiometabolic condition. Nurse's lack of knowledge of major risk factors may reduce their ability to screen and identify patients with metabolic syndrome or prediabetes. In addition, opportunities may be missed to engage with patients and discuss effective interventions (including medication management) that target specific risk factors and reduce people's risk of progressing to type 2 diabetes.
Although there was a significant increase in the proportion of nurses in 2016, compared with those in 2006-2008, who knew that stroke was a complication of type 2 diabetes, which is associated with improved management of blood pressure , less than a quarter could state this was a complication. Of concern, very few PNs and DNs associated hypertension, smoking and dyslipidaemia with an increased risk of diabetes-related complications, which may reduce their ability to set realistic and measureable goals considered essential for patient engagement and improving outcomes (Mulder, Lokhorst, Rutten, & van Woerkum, 2015; Rushforth, McCrorie, Glidewell, Midgley, & Foy, 2016 ).
These gaps in knowledge limit the capacity for further role expansion and for nurses to work more independently of a physician to screen and set specific targets to improve outcomes for people with diabetes.
The significant decrease in the number of DSN has reduced their ability to provide work-based support or training for PNs (Daly et al., 2018) . This and the knowledge gaps identified in this report need to be urgently addressed by reducing barriers to diabetes education and training programmes and to undergraduate and postgraduate nursing education.
A P P E N D I X 1 : Trends in diabetes knowledge held by primary health care nurses and interest in further education that significantly differed between [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] 
